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Although vector mosquitoes transmit deadly diseases, little is
known about their development. Analysis of mosquito developmental
genetics will advance the study of insect evolutionary development
and may reveal novel vector control strategies. We recently described
methods for functional analysis of embryonic genes in Aedes aegypti,
the dengue fever vector and an emerging arthropod model. Although
it was anticipated that Drosophila developmental genes and their
functions would be generally well conserved in mosquitoes, our
analyses are revealing striking differences. For example, knockdown
of axon guidance genes in A. aegypti embryos indicates that nerve
cord development has diverged in insects. We are now examining
development of the A. aegypti olfactory system and salivary gland,
two tissues of vector importance. Large-scale comparative analysis of
developmental genes in D. melanogaster and three vector mosquito
genomes suggests that genetic regulation of the development of
these and other tissues has diverged. Lineage specific duplication,
expansion, and loss of genes critical for Drosophila development were
observed. Sequence analyses suggest that some processes, including
salivary gland development, may be under more stringent selection
forces than others. Comparative analysis of predicted miRNA binding
sites suggests that the repertoire of developmental genes targeted by
miRNAs is species-specific. Our comparative analyses are providing
insight into the evolution of insect developmental genes and
processes and will promote the design of additional functional
genetic studies in mosquitoes.
doi:10.1016/j.ydbio.2011.05.531
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Traits culminate from the spatial and temporal expression of
genes comprising a gene regulatory network (GRN). To trace GRN
evolution, we studied the abdominal pigmentation of Sophophora
fruit fly species where sexually dimorphic pigmentation, like that of
D. melanogaster, evolved from a monomorphic ancestor. During the
evolution of dimorphism, this pigmentation GRN was modified by the
gain of dimorphic expression of the Bric-à-brac (Bab) transcription
factors. In the derived dimorphic GRN, Bab represses the expression
of the gene yellow whose encoded protein is required to make black
pigments. The sexually dimorphic pattern of yellow expression in the
D. melanogaster abdomen requires two cis-regulatory element (CRE)
sequences, the wing element and body element. Our research asks
two questions: does Bab form a direct regulatory linkage with CREs in
the D. melanogaster yellow gene; and was this linkage (whether
direct or indirect) an ancestral feature of the Sophophora pigmenta-
tion GRN? We found: that the wing element is required to repress
yellow expression where Bab is present, and that Bab1 binds this CRE
in vivo. Ongoing studies will determine which sequence(s) Bab1
directly binds. By comparison of orthologous yellow loci and
transgenic analysis we found extensive divergence in non-coding
sequences and CRE activity. Future studies will determine whether
this divergence included the gain of Bab binding sites in dimorphic
species or whether these binding sites were ancestral and conserved
in the midst of otherwise dramatic sequence evolution.
doi:10.1016/j.ydbio.2011.05.532
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Sexually dimorphic traits play prominent roles in animal behavior
and evolution. Adult Drosophila melanogaster develop several sexually
dimorphic traits including male-specific abdominal pigmentation and
sex-specific abdominal segment number. Two principle transcription
factors controlling these abdominal morphologies are the Hox protein
Abdominal-B (Abd-B) and the sex-determination factor Doublesex
(Dsx). These proteins function cooperatively to confer sex-specific
regulation of downstream target genes such as bric a brac and
wingless. However, little is known about the interaction between these
key regulators. Recent evidence shows that Dsx expression is spatially
dynamic throughout development. We therefore investigated Dsx
expression during pupal development when Dsx and Abd-B function
cooperatively to reduce segment number in male flies. We found that
Dsx expression is highly dynamic in the fly abdomen during pupation
with highest level in posterior segments, suggesting it may be an Abd-
B target gene itself. Indeed, Dsx expression responds to alterations in
Abd-B protein levels. Dsx expression is lost in Abd-B loss-of-function
mutants and responds positively to elevated Abd-B protein levels. We
hypothesize that Abd-B activates its necessary cofactor, Dsx, to create
sexually dimorphic traits in the developing abdomen. These unex-
Contents lists available at ScienceDirect
Developmental Biology
j ourna l homepage: www.e lsev ie r.com/deve lopmenta lb io logy
Developmental Biology 356 (2011) 243–256
pected observations provide new insight into the genetic mechanisms
that generate sexual dimorphism.
doi:10.1016/j.ydbio.2011.05.533
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Genitalia are extremely varied in their structure among insect
species and evolve rapidly compared to other features. It is thought
that insect genitalia act in a “lock and key” manner, acting as a
mechanical barrier, facilitating genetic isolation. Despite the impor-
tance of genital structure, their underlying developmental genetic
patterning has been studied in only a few species. Using a candidate
gene approach, the functions of classical appendage patterning genes
and posterior Hox genes were tested with RNA interference. The
knock-down of the classical appendage patterning genes, dachshund,
distal-less, and homothorax, caused a dramatic reduction or
transformation of the female genitalia but left the male genitalia
relatively unaffected. These results suggest that the female genitalia
has its origins as an appendage, while the male genitalia may derive
from non-appendicular tissue. Knock-down of the posterior Hox
genes, abdominal-A and Abdominal-B, caused a reduction in the
genitalia of both sexes, suggesting that both male and female
genitalia are regulated by similar upstream factors, despite poten-
tially different origins of these structures in each sex. This study
highlights the inherent modularity of appendages and their under-
lying genetic networks and supports the hypothesis that genitalia are
serially homologous appendages.
doi:10.1016/j.ydbio.2011.05.534
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To understand how morphological traits evolve it is necessary to
understand their developmental basis. When the same trait has
evolved multiple times in different lineages there is an opportunity to
determine whether the traits have the same developmental basis and
therefore are parallel, or whether the developmental basis is
different, making the traits convergent. Distinguishing between
parallel and convergent traits is important for understanding the
sources of variation available to selection. Parallel traits can reveal
tendencies toward a certain kinds of morphology due to an increased
amount of variation in a particular trait, or due to constraint that
restricts possible morphologies. However, it rare to find traits that
have evolved multiple times in organisms that are also tractable
developmental systems. Male abdominal appendages have evolved
multiple times within the Sepsidae family of flies. In the sepsid
Themira biloba, the abdominal appendages develop from histoblast
cells on the fourth abdominal segment. By the final larval instar, this
nest of histoblast cells has significantly more cells than the other
nests. To determine whether this pattern was also found in other
sepsids, histoblast cells were counted for two other species,
Meroplius fasciculatus and Perochaeta dikowi, which each represent
an independent instance of abdominal appendage evolution from T.
biloba. A species that has maintained the ancestral appendage-less
state, Sepsis punctum, was also included. In both M. fasciculatus and
P. dikowi, males show a similar pattern to that of T. biloba with the
number of cells in the fourth ventral histoblast nest elevated
compared to other segments. S. punctum did not show this pattern,
indicating that a large histoblast nest is correlated to abdominal
appendage formation. Because the histoblast nests have similar
patterns of growth in species that represent independent instances of
abdominal appendage evolution, at least some of the developmental
basis of these appendages appears to be parallel.
doi:10.1016/j.ydbio.2011.05.535
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fushi tarazu (ftz) arose as a duplication of a homeotic gene but
functions solely in segmentation in Drosophila melanogaster to direct
the development of alternate body segments. Dm-Ftz activity is
regulated by interaction with a protein partner, the nuclear receptor
Ftz-F1. This switch in function from a homeotic gene to a segmenta-
tion gene resulted from changes in both expression and protein
function: Dm-Ftz acquired an LXXLL motif which mediates its
interaction with Ftz-F1 necessary for segmentation function, and it
lost its ancestral YPWM motif necessary for homeotic function.
Recent data suggest that the LXXLL motif was acquired at the stem of
holometabolous insects. To understand how ftz's role in development
switched during evolution, we are studying its expression and
function in the Hemipteroid assemblage, the sister group of
holometabolous insects. Using RACE and modified genomic-walking,
we isolated ftz and ftz-f1 from hemipteran insects, including
Oncopeltus fasciatus (milkweed bugs), Acyrthosiphon pisum
(aphids), Leptoglossus occidental (leaf-footed bug) and Halyomorpha
halys (stink bug). Combining this with genome project data reveals
that Hemiptera have not acquired the LXXLL motif and many have
highly degenerated YPWM motifs. To determine the roles of
hemipteran ftz and ftz-f1 genes, we are examining their expression
and function in Oncopletus. Preliminary results suggest that Of-ftz-f1
is expressed in stripes during embryogenesis. Of-ftz-f1 parental RNAi
blocked oogenesis while Of-ftz RNAi blocked embryogenesis at
around two days after egg laying. Future studies will analyze
phenotypes associated with loss of Of-ftz and Of-ftz-f1 function in
embryos to determine their biological roles in this lineage.
doi:10.1016/j.ydbio.2011.05.536
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The folded gastrulation (fog) gene is critically important for
initiating the earliest cell shape changes of gastrulation in the fruit fly,
Drosophila melanogaster. During these early stages of gastrulation
the prospective mesoderm cells that lie along the ventral surface of
the embryo first flatten and then constrict their apical surfaces to
form a furrow. This furrow is subsequently elaborated into a full
internalization of these cells. At the posterior pole of the embryo an
equivalent change in cell shape occurs to internalize cells of the
posterior endoderm. The apical flattening and constriction of both
groups of cells is driven by activation of the molecular motor myosin,
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